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ABSTRACT 
DC conductivity of PVA-CuO nano-composite films have been studied in the present work. The composites 
were prepared by solution-casting technique. The prepared PVA-CuO composites have been characterized by X-
ray  diffraction  (XRD)  analysis,  Fourier  Transform  Infrared  Spectroscopy  (FT-IR),  Scanning  Electron 
Microscopy (SEM) and Energy Dispersive X-ray Spectroscopy (EDXS); which confirmed the presence of CuO 
in polyvinyl alcohol and the formation of the composite. DC conductivity studies show thermally activated 
behavior  of  all  the  composites.  The  conductivity  was  found  to  increase  with  the  increase  in  temperature 
indicating the semiconducting behavior of all the compositions. The activation energy increases as the content of 
CuO nanoparticles increases from 1 to 4 in wt% in the PVA- CuO nano-composites. Maximum conductivity was 
observed in 4 wt% of CuO in polyvinyl alcohol. 
Keywords  -  DC  conductivity,  FTIR,  Nano  copper  oxide,  polyvinyl  alcohol,  X-ray  diffraction.
I.  INTRODUCTION 
The  organic–inorganic  composite  polymeric 
materials have attracted researchers because of their 
potential  uses  in  developing  new  materials  and 
devices [1]. Recently, polyvinyl alcohol has received 
much  attention  because  of  its  unique  chemical, 
physical  properties  as  well  as  its  industrial 
applications  [2–5].  Its  good  film-forming  nature, 
hydrophilicity,  processibility  and  good  chemical 
resistivity [6] have been used   to develop inorganic-
organic  nano-composites.  Cupric  oxide  (CuO, 
tenorite)  is  a  monoclinic  (Fig.1)  p-type   
semiconductor with a band gap of 1.5 - 1.8 eV [7-
9].It has been a hot topic because of their promising 
applications in various fields such as dye sensitized 
solar  cells  [10],  gas  sensors  [11],bio-sensors[12], 
nanofluid  [13],  photo  detectors  [14],  energetic 
materials  (EMs)  [15],  field  emissions  [16],  super 
capacitors    [17],removal  of  inorganic  pollutants 
[18,19],photo  catalysis  [20]  and  magnetic  storage 
media [21].Combining the properties of  the organic 
polyvinyl alcohol and  inorganic nano CuO will help 
in the generation of the new class of materials with 
improved  properties  and  that  can  overcome  the 
drawbacks coming from the  individual counterparts 
as well as will also improve the physical and chemical 
properties  of  materials.  These  composites  are 
expected  to  find  commercial  applications  like  gas 
sensors, electro chromic devices and super capacitors. 
In  the  present  work,  attempts  have  been  made  to 
synthesize  the  nano-cupric  oxide  particles  by  low 
solution heat combustion method and PVA-CuO  
 
 
nano-composite  by  solution-casting  method.  These 
polymer nano-composites have been characterized by 
using  various  techniques  such  as  X-ray  diffraction 
(XRD),  Fourier  Trans-form  Infrared  Spectroscopy 
(FTIR),  Scanning  Electron  Microscopy  (SEM)  and 
Energy Dispersive X-ray Spectroscopy (EDS).The dc 
conductivity  measurements  are  done  by  using  two 
probe set-up. 
 
Fig.1. Monoclinic crystal structure of CuO with each   
Cu atom being surrounded by 4 oxygen atoms (red 
spheres). 
 
II.  EXPERIMENTAL  
2.1. Materials: 
Polyvinyl  alcohol  of  analytical  grade  was 
obtained  in  the  powder  form  from  Nice  Chemicals 
Pvt.Ltd. Cochin, with the average molecular weight of 
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125,000  (98%  hydrolyzed).  Cupric  Nitrate  of  AR 
grade  was  purchased  from  S.D.  Fine-Chem. 
Ltd.Mumbai.  
 
2.2. Synthesis of Nano Cupric Oxide (CuO): 
Low  Solution  combustion  (LSC)  technique  was 
employed  for the preparation of  nano- cupric oxide 
[22].  Hydrated  Cupric  Nitrate  [Cu  (NO3)2
  3H2O]  is 
used  for  the  synthesis  of  cupric  oxide.  The  filtered 
lemon juice was used as a fuel [22]. 4 gm of Cupric 
Nitrate and 12ml of filtered lemon juice were taken 
into  the  cylindrical  Petri  dish  of  300  ml  and  well 
dissolved  in  de-ionized  water.  The  aqueous  redox 
mixture  was  dispersed  uniformly  by  stirring  the 
mixture using a magnetic stirrer for 5 min. Then the 
resulting mixture was placed into a pre-heated muffle 
furnace maintained at (400 ± 10) °C. In the beginning, 
the  solution  was  thermally  dehydrated  and  ignited 
with the liberation of large amount of gases (N2, O2, 
etc.). The entire process took place within 8 min. The 
resultant  powder  occupied  the  entire  volume  of  the 
reaction vessel. The combustion was self-propagating 
and within a few minutes the reaction was completed 
and fluffy powder was obtained. After completion of 
the  process,  the  product  obtained  was  grinded  well 
using mortar and pestle. The powder is voluminous, 
weakly agglomerated, foamy, nano in size and has a 
high surface area. The formation of product through 
LSC  process  can  be  represented  by  the  following 
reaction.    
            
            Cu (NO3)2 3H2O+Lemon juice (aq.)        Combustion         
                         product(S) + Heat + Gases                      (1) 
 
LSC process can be considered as a thermally induced 
redox reaction of the precursor wherein a fuel acts as 
reductant and  3 NO
   ions act as oxidant. 
 
2.2.1. Synthesis of Polyvinyl alcohol film. 
The  pure  PVA  films  were  prepared  by  solution 
casting technique [23]. Powdered PVA of about 2.5 g 
was  dissolved  in  50ml  of  double  distilled  water  by 
stirring. The solution was then warmed up to 333 K 
and thoroughly stirred, using a  magnetic  stirrer, for 
about  1h  until  the  polymer  became  completely 
soluble.  By  removing  the  trapped  air  bubbles,  the 
solution was poured onto a leveled clean glass plate 
and left to dry at room temperature for about 48 h.The 
dried films were peeled off from the glass plate and 
cut into suitable pieces for measurements [24]. 
 
2.2.2. Synthesis of PVA–CuO nano-composite films: 
PVA-CuO nano-composite films were also prepared 
again by the solution casting method. First, the PVA 
stock solution was  prepared  by  the above  method 
and  to this solution 1.0 wt%,2.0wt%, 3.0 wt% and 4.0 
wt% of  CuO nano powder was  mixed and  stirred 
vigorously by using  magnetic stirrer until  transparent 
PVA–CuO multi component dispersion was obtained. 
Further,  ultrasonication  was  done  for  complete 
dispersal  of  CuO  in  PVA  solution.  Then  known 
volume  of  viscous  PVA–CuO  solution  was  poured 
onto a leveled clean glass plate and left to dry at room 
temperature  for  about  48  h.  The  dried  films  were 
peeled off from the glass plate and cut into suitable 
pieces for characterization. 
 
2.3. Measurements: 
The  X-ray  diffraction  (XRD)  patterns  of  the  pure 
PVA film, nano CuO powder and the polymer nano-
composite films were recorded at  room temperature 
using  an  X-ray  powder  diffractometer  with  Cu  Kα 
radiation (λ = 1.5416 Ǻ ) in the 2Ө (Bragg angles) 
range  (10˚   2Ө    80˚)  to  elicit  the  information 
related  to  phase  purity,  crystallinity  and  details  of 
their structure. The FTIR spectra of the samples were 
recorded on a Perkin Elmer 1600 spectrophotometer 
in KBr medium. The   morphology of the composites 
in  the  form  of  powder  was  investigated  using 
scanning electron microscope (SEM) Model-EVO-18 
Special Edison, Zeus, Germany. The nano-composite 
films  are  coated  with  silver  paste  on  either  side  to 
study  DC  electrical  conductivity.  Temperature 
dependent electrical conductivity was measured from 
35°c to 125°c using Keithley 6514 electrometer. 
 
III.  RESULTS AND DISCUSSIONS 
3.1. X–Ray diffraction: 
The  X-ray  diffraction  pattern  of  pure  PVA  is 
shown in Fig.2 (a). In this spectrum, one main peak 
appeared around 2Ө = 19.72° corresponding to (10Ө 1) 
crystal  plane  for  PVA,  which  indicates  the  semi 
crystalline nature of PVA [25]. The crystalline nature 
of PVA  results  from  the  strong  intermolecular 
interaction  between  PVA  chains  through  hydrogen 
bond [26]. 
The XRD patterns of CuO nanoparticles are shown in 
Fig.2 (b). CuO was synthesized by Heat Combustion 
method.  These  nanoparticles  have  shown  good 
crystallinity because of the existence of sharp peaks in 
the  XRD  pattern.  The  crystallite  size  of  the 
synthesized CuO nanoparticles was calculated using 
Scherer’s formula [27] given by 
0.9
cos
D



                                (2) 
where D is the average crystallite size, λ is the X-ray 
wavelength (1.5416A°) and    is  full  width  at  half 
maximum in radian.  
The  calculation  of  crystallite  size  from  XRD  is  a 
quantitative  approach  which  is  widely  accepted  and 
used  in  scientific  community  [28 -30].  The  average 
crystallite  size  is  found  to  be  ~10  nm.  In  the  XRD 
pattern,  different  lines  are  attributed  to  the  (110), 
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(113),(311),(220),(221),(004)  and (023) planes  are in  
good agreement  with the data of  CuO powder file 
(JCPDS number 80-1917) which corresponds to the 
monoclinic structure. The XRD spectrum exhibits an 
intense  peak  for  (111)  plane.  The  lattice  constants 
calculated  from  the  present  data  are  a=4.6890A°, 
b=3.4250A° and c=5.1324A° respectively, which are 
in good agreement with the reported data [31].  
 
The  X-ray  diffraction  pattern  of  PVA,  PVA–CuO 
composite (1%wt.to 4% wt.) and nano CuO is shown 
in the Fig.2(c). In the XRD pattern, different lines are 
attributed  to  the  (110),  (002),  (111),  (200),  (112), 
(113)  and  (004)  planes;  by  comparing  the  XRD 
pattern of the composite and CuO, it is confirmed that 
CuO  has  retained  its  structure  even  though  it  is 
dispersed in PVA during polymerization reaction.  
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Fig.2 (a) XRD of Pure PVA 
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Fig.2 (b) XRD of Nano CuO 
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Fig.2(c).   XRD of (A) pure CuO (B) pure PVA  
(C) PVA-1% CuO ,  (D)PVA-2% CuO (E) PVA-3% 
CuO (F) PVA-4% CuO 
 
3.2. FTIR Spectra  
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 Fig.3(a). FTIR of pure PVA              
 
The FT-IR spectroscopy is important in the investigati 
-on of polymer structure, since it provides information 
about the complexation and interactions between the 
various  constituents  in  the  polymer  composite.  The 
Fig.3a shows spectra of pure PVA film wherein the 
peaks at 2934 cm
-1, 1420 cm
-1, 1326 cm
-1, 1086 cm
-1, 
915 cm
-1 are assigned to the characteristic vibration 
bands  of  PVA.  The  O–H  stretching  band  in  IR 
spectrum is by far the most characteristic feature of 
alcohols and appears in the range 3500–3000 cm
-1 in 
pure PVA.The bands around 3290 cm
-1 and 1326 cm
-1 
are attributed to H–OH stretching and CH2 stretching, Chivukula Srikanth  Int. Journal of Engineering Research and Applications                  www.ijera.com 
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respectively. The band around 1420 cm
-1 is attributed 
to –CH3 bending and the bands around 2934 cm
-1 and 
2850  cm
-1  correspond  to  the  –CH2  asymmetric  and 
symmetric stretching, respectively. The peak at 1086 
cm
-1 is attributed to  Ө (C–O) stretching  vibration of 
the ether group. The band at 915 cm
-1 has been related 
to syndiotactic structure and is assigned to the CH2 
rocking vibration. The bands at 836 cm
-1 and 682 cm
-1 
are assigned to Ө (C–C) stretching vibration and out of 
plane OH bending,respectively.The band at 1724 cm
-1 
of  the  carbonyl  group  is  due  to  absorption  of  the 
residual acetate groups during the  manufacturing of 
PVA from hydrolysis of polyvinyl acetate [32]. 
4000 3500 3000 2500 2000 1500 1000 500
T
r
a
n
s
m
i
t
t
a
n
c
e
 
%
 
  Wavenumber(cm-1)
Nano CuO
3334
5
9
8
5
2
5
4
3
0
1385
Fig.3 (b) FTIR of nano CuO. 
 
The  Fig.  3(b)  shows  FTIR  spectrum  of  nano  CuO 
which  shows  several  characteristic  bands.  The 
presence of a weak adsorption at 3334 cm
-1 is due to 
the  stretching  vibration  of  the  adsorbed  water  and 
surface  hydroxyls.  Several  other  bands  appeared  in 
the FTIR spectrum at 598, 525, and 430 cm
-1 [33] are 
the  characteristic  for  monoclinic  CuO  phase  and 
confirms  the  monoclinic  phase  for  the  as-grown 
structures[34]. 
 
The  Fig.3(c)  shows  the  FTIR  spectra  of  PVA–CuO 
nano-composite  films  where  a  marginal  shift  in 
position of bands corresponding to OH stretching and 
C=O group are seen which may be attributed to the 
strong interaction between filler CuO and host PVA 
polymer matrix. Further-more, peaks observed around 
430  cm
-1  and  525  cm
-1  in  the  PVA-CuO  nano-
composites, is due to Cu-O stretching, which is not 
observed  in  the  pure  PVA  film.  This  suggests  the 
presence of CuO in the PVA matrix. 
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Fig.3(c). FTIR Spectra of PVA, PVA– CuO (1% to 
4%) nano-composites. 
 
3.3 Scanning electron microscopy and EDX analysis: 
 
The scanning electron micrographs of PVA film, CuO 
nano powder and CuO doped PVA films are shown in 
Fig. 4. SEM of pure PVA shows uniformly processed 
smooth PVA matrix and the semi crystalline nature of 
PVA  supporting  the  observations  of  XRD  analysis 
(Fig.4 (a)). The average grain size for PVA is found to 
be  114nm  to  234nm.    Well  defined  nanocrystalline 
morphology  of  CuO  is  shown  in  Fig.4(b).The 
particles are rod like [35] in shape having an average 
grain size from 52nm to 84nm. The grains are found 
to  be  well  interconnected  with  each  other  which 
indicate  that  they  have  enough  binding  energy  to 
combine with neighbour grains or molecules.Fig.4(c-
f) show the SEM image of PVA- CuO (1% to 4%Wt.) 
nano-composites.  The  average  grain  size  for  PVA-
1%CuO is found to be 76nm to 132nm and that of 
PVA-4%CuO is 53nm to 104nm.Thus the crystalline 
nature  of  the  composites  increases,  as  CuO 
concentration increases in PVA. 
The representative EDX spectra of nano CuO, PVA–
1%  CuO  and  PVA–4%  CuO  composite  films  are 
shown  in  Fig.5.The  spectra  shows  enhancement  in 
copper and oxygen content when concentration of the 
CuO increases.  
            
3.4 DC Conductivity Measurements: 
Fig.6  (a)  shows  a  typical  logσ  vs.1000/T    plot  for 
PVA  and  PVA-CuO  (1%to4%Wt.)  nano-composite 
films.  The  conductivity  increased  with  increase  in 
temperature but the rate of increase was different in 
different temperature regions.  The activation energy Chivukula Srikanth  Int. Journal of Engineering Research and Applications                  www.ijera.com 
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has been determined from the slopes of these curves 
by using the relation [36], 
                                                                   
  
log
2.303
1/
k
E
Te

                                             (3) 
 
where σ is the conductivity at temperature T, E is the 
activation energy, e is the charge of an electron and  k 
is the Boltzmann constant. 
The activation energy increases with the increase in 
doping concentration of CuO in PVA matrix both at 
high temperature and low temperature regions (Table 
1). At 308K and 398K, the dc electrical conductivity 
of pure PVA was found to be 5.51×10
-13 Scm
-1   and 
17.9×10
-13 Scm
-1   respectively.  As content of  CuO 
increases  from  1%  to  4%  in  PVA  matrix,  the 
conductivity of PVA–CuO  nano-composite increases 
from 6.69×10
-13Scm
-1 to 31.59×10
-13 Scm
-1  at 308K, 
similarly at 398K it increases from 27.0×10
-13 Scm
-1 
to  427.0×10
-13  Scm
-1  (Table  1).The  increase  in 
conductivity  with  increase  of  temperature  is  the 
characteristic  behavior  of  semiconductors.  The 
temperature dependence of the conductivity σ (T) of 
disordered  semiconducting  materials  is  generally 
described  by  the  Mott  Variable  Range  Hopping 
(VRH) model [37], 
 
1
4
( )  exp
O T
T
T
 

       
                                  (4) 
 where σ is the conductivity, T is the temperature and 
σ0 is the conductivity at characteristic temperature T0. 
 
 PVA–CuO  nano-composites  follow  the  three-
dimensional VRH electrical conduction process [38]. 
Fig. 6(b) and 6(c) shows the plot of conductivity vs. 
the content of CuO nanoparticles in the PVA– CuO 
nano-composites  both  at  308K  and  398K.  The  plot 
shows  that  the  conductivity  of  PVA  increases 
remarkably  after  insertion  of  CuO  nanoparticles 
(1 to 4%) in the PVA  matrix.PVA,  CuO and PVA– 
CuO nano-composites are of P-type semiconducting 
materials having large number of free charge carriers 
available for the purpose of conduction. Hence, as the 
concentration  of   CuO  increases  the  number of  
free  charge  carriers    also  increases,  all  together 
electrons  from  polar  O
2-  terminated    CuO  
nanoparticles  surfaces  and    from    the  PVA  chains, 
resulting  in the  improvement  in the conductivity of 
PVA– CuO nano-composites [39]. 
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Fig.6. (a) Plot of logσ vs. 1000/T   PVA, PVA- CuO 
(1-4%) composites. (b) Plot of conductivity vs. PVA- 
CuO (wt. %) (at 308K) (c) Plot of conductivity vs. 
PVA- CuO (wt. %) (at 398K) 
 
IV.  CONCLUSIONS 
Polyvinyl alcohol-Nano cupric oxide composites 
of  various  weight  percentages  were  synthesized  by 
solution  casting  method.  X-ray  diffraction  studies 
show the retention of CuO in polymer matrix. Studies 
on Fourier Transform Infrared Spectroscopy (FTIR) 
confirm the formation of PVA- CuO composites and 
the SEM image reveals the presence of CuO particles 
which  are  uniformly  distributed  throughout  the 
composite  films.  Maximum  conductivity  was 
observed  in  4  wt.%  of  CuO  in  PVA.  The  room 
temperature dc electrical conductivity of PVA–CuO 
composite  films  increases  gradually  as  the  CuO Chivukula Srikanth  Int. Journal of Engineering Research and Applications                  www.ijera.com 
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content increases in PVA matrix, which is described 
by the Mott Variable Range Hopping (VRH) model. 
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Fig.4.   SEM of  (a) Pure PVA (b) Nano CuO (c) PVA-1%CuO (d)PVA-2%CuO 
(e) PVA-3%CuO (f) PVA- 4%CuO 
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FIG.5. EDX OF (A) NANO CUO (B) PVA-1%CUO (C) PVA-4%CUO 
 
 
TABLE 1. Activation energy and Conductivity of PVA-CuO Nano-composite films. 
S.NO. 
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13 1 ( ) 10 Scm 
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